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SUBJECT: Hickory Hollow Lake Dam (MO 31068) Fhase I Inspection Report

This report presents the results of field inspection and evaluation of
the Hickory Hollow Lake Dam:

It was prepared under the National Program of Inspection of Non-Federal
Dams.

This dam has been classified as unsafe, non-emergency by the St. Louis
District as a result of the application of the following criteria.

1. Spillway will not pass 50 percent of the Probable Maximum

Flood without overtopping the dam.

2. Overtopping could result in dam failure.

3. Dam failure significantly increases the hazard to loss of life
downstream.
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Chief, Engineering Division Date
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PHASE I REPORT

NATIONAL DAM SAFETY PROGRAMI
Name of Dam: Hickory Ho Icw. Lake Dam

State Located: Missouri

County Located: Perry

Stream: Tributary Goose Creek

Date of Inspection: 18 October 1979

The Hickory H llow Lake Dam was visually inspected hy engineering

personnel. of Horner & Shifrin, Inc., Consulting Engineers, St. Lcuiz,

Missouri. The purpose of this inspection was to assess the general

condition of the dam with respect to safety and, based upon this

inspection and available data, determine if the dam poses a hazard to

human life or property.

'"the following summarizes the findings of the visual inspection and

the results of certain hydrologic/hydraulic investigations perfcormed

under the direction of the inspection team. Based on the visual

insoection and the results of the hydrologic/hydraulic investigations,

the present general condition of the dam is considered to be somewhat

less than satisfactory. The following deficiencies were noticed during

the inspection an," are considered to have an adverse effect on t

overall safety and future operation of the dam:

1. The upstream face of the darn has a grass cover to protect the

slope from erosion. A grass covered slope is not considered

adequate to prevent erosion by wave action or by fluctaations of

the lake surface level.

2. A dense cover of small-to-medium size trees and brush that may
4

contain animal burrows exists on the downstream face at the

center and left sides of the dam. Several large willow trees

are present within the reservoir area just upstream of the left

side of the dam.- Tree roots and animal burrows can provide
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for s, epaq, that. cul c dc,',lot iIto a pipinq

condition (progre-sivP inte rnal erosion) that can lea- to

failure of the ,dam.

3. At the time of the inspection trne tuf cover on the upstream and

downstream faces of the -.n was approximately 3 feet high.

Uncut grass on the dam is an iu iation of lack of regular

maintenance.

4. Erosion, apparently due to storm iater runoff, has created a

small gulley approximately 3 feet deep and 8 feet wide at the

intersectior of the downstream s-de of the dan and the right

abutment. A small 31ou7h approximately 1.5 feet high and 5 feet

wide, aic-a exists at the downstream face near the right side of

the dam. Continued erosion and sloughing of the embankment

could be detrimental to the stability of the dam.

According to the Owner, since construction of the dan, the lake has

experienced problems -.'ith excessive leakage, a-- evidenced ty the

inability to maintain a otable lake sUrface level. At the time of the

inspection, the lake level was about 30 feet below the spillw_v crest and

appeared to be stable. Judf'nq b,? waterline marks visible across the

upstream face of the dam, it appeared that the lake has beer at least 10

to 12 feet higher than the present level within the last vear or so. An

examination of the area im- ediateli' downstream of the danm and within t.e

origint' stream channel for a distance of about 400 feet from the dan,

did not disclose any evidence of seepage, although it is osible that,

with a higher iKe level, seepage not noticeable at the tine of the

inspection, may be evident. At this time, it does not appear that thc

leakage problem the lake is experiencing poses a hazard to the safety of

the dam.

According to the criteria set forth in the recommended guidelines,

the mannitude of the spillway design flood for the Hickory Hollow Lake

Dam, which is classified as intermediate in size azid of high hazard

potential, is specified to be the Probable Maximum Flod (PMF). The
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2robable Maximum Flood (PMF) is the flood that nay be expootc frcm the

most severe caibhination of critical meteorologic and hydroloqic

conditions that are redsonably pos:3ible in the reg'on.

Results of a hydrologic/hydraulic analysis indicated that the

existinq spillway is inadequate to pas ; lake oitflow iesulting from a

storm of PMF magnitude. The spillway is adequate to pass lake outflow

resulting from the 1 percent chance (100-year frequency) flood and lake

outflow corresponding to abouL 10 percent of the PMF. Accordinq to the

St. Louis District, Corps of Engineers, the length of the downstream

damage zone, should failure of the dam occur, is estimated to >e

approximately six iles. Within the possible damage zone are State

Highway N, five dwellings, and several other builclings.

A review of available data di , not disclose that seepage or atabiji'y

analyses of the dam were performed. This is considered a deficien,:'z and

should be rectified.

Tt is recommended that the Owner take the necessary action in the

near future to correct or control the deficiencies and safety defect"

reported herein.

Harold B. Lockett
P.E. Missouri E-4189

Albert B. Becker, Jr. (
P.E. Missouri E-9168
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I
PHAS7 1 INSPECTION REPOR(T

NATIONAL DAM SAFETY PROGRAM

HICKORY HOLLOW LAKE DAM - 1D. 9O. 3l068

SECTTON 1 - PROJECT INFOW41ATTON

1. 1 GENERAL

a. Authority. 'The National Dam Tnspecticn Act, P1blic Law 92-367,

dated 6 August 1972, authorize,1 the Secretary of the Arm', t-h the

Corps of Engineers, to initiato a program of s-ifety inspecti-n of dams

throuchout tne United StateF. Pursuant t,.- thie above, tha St. Lo is

Distr-ct, Corps of Engineers, directed that a safety insp<tction of the

Hickory Hollow Lake Dam be made.

b. Purpose of Insoection. The purpose of this visual inspection was

to make an as.-essment of th- general condition of the dnan with respect to

safety and, based upon available data and this inspection, determine if

the dam poses a hazard to human life or property.

c. Evaluation C-iteria. This evaluation was performed in accordance

with the "Phase I" investigation procedures as prcscribed in "Recommended

Guidelines for Safet. Inspection of Dams," Appendix D ir "Report of 'he

Chief of Engineers n the National Program of Inspection of Non-Federal

Dams," dated May 1975.

1.2 DESCRIPTION OF PROJECT

a. Descriotion of Dam and Appurtenances. The Hickory Hollow Lake

Dam is an carthfill type embankment rising approximately 49 feet above

the original stream bed. The embankment has an upstream slope (above the

waterline) of Iv on 3.3h, a crest width of about 12 feet, and a

down ;tream slope of Iv on 2.2h. The length of the dam including the
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spillway section i-, approxir.atel, 760 feet. An unpaved road traverses

the dam crest cro3sing the spilwav channel just downstream of the

centerline of the dam. A plan and profile of the dam is shown on Plate 3

and a cross-section of the dam is shown on Plate 4. At normal pool

elevation the reservoir imoounded by the dam occupies approximately 43

acres.

The spillway, a trapezoidal section founded on earth, is cut into the

hillside at the right (south) abutment. The bottom width of the spillway

channel varies from a rrinimum of about 4 feet at the dam where a wood

bridge crosses the channel, to approximately 8 feet at a location just

downstream of the bLidge. A narrow, approximately 2.5-foot high earthen

berm on the left side of the channel serves to confine spillway flow to

the outlet section. The spillway crest, or high point of the channel

invert, was found to be located approximately 200 feet east (downstream)

of the dam centerline. Downstream of the spillway crest the channel

maintains an eastwardly course for about another 200 feet, then by

following the contour of the hillside, it turns to the southeast

continuing for about another 300 feet before terminating at a small pond

that lies in the adjacent valley. A profile of the spillway outlet

channel beginning at the lake and extending 200 feet downstream of the

crest i shown on Plate 5.

b. Location. The dam and lake are located on an unnamed tributary

of Goose Creek, approximately 2 miles north-northwest of the Town of

Silver Lake, Missouri, and 1 mile south of State Highway N, as shown on

the Regional Vicinity Map, Plate 1. The dam is located in the NW 1/4 of

the Ni 1/4 of Section 25, Township 35 North, Range 9 East, in Perry

County.

c. Size Classification. The size classification based on the height

of the dam and storage capacity, is categorized as intci-nediate (Per

Table 1, Recomended Guidelines for Safety Inspection of Dams).
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I. Hazir3 Clas;ification. Th !!ickory Hollow Lake Dam, according t

the St. Lcuis District, Corp- of Engineer', has a high hazard potential,

meaning t. at if the dam should fail, ther, may be loss of lite, seriois

damage to homes, extensive damages to agriculturai, industrial and

commercial facilities, important public utilities, main highways, or

railroads. The estimated flood damage zone, should failure of the dam

occur, as determined by the St. Louis District, extends approximately six

miles eownstream of the dam. Within the possitle damage zone are State

Highway N, five dwellings and several other buildings.

'. OwnerShi. The lake and dam are owned by Howard Davis. Mr.

Davis's addresr i : 425 North Highway 61, Perryville, Missouri 63775.

f. Parpose of Dam. The dam impounds water for recreational use.

q. Design and Construction History. According to the Owner, Mr.

Davis, who constructed the dam while doing business as the Howard Davis

Construction Company, construction of the dam was started in 1963 and

completed in 1964. Mr. Davis also reported that the dam was constructed

without the benefit of any formal engineering design data, although Mr.

Marion Clark, an agricultural engineer, formerly with the Agricultural

Engineeing Department, Extension Division, University of Missouri at

Columbia, now retired, provided some assistance in the form of advice

regardinq the proportions of the embankment.

. Normal O2:rational Prccedure. The lake level is unrequlated.

1.3 PERTIW2NT DATA

'. Drainaqe Arpa. The area tributary to the lake is essentially

undeveloped and in a native state covered with timber. There are several

dwellings and other buildings adjacent to the county road at the west

side of the drainage area as well as a house trailer and several
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buildings along the hi). ilf just we:t of the lake. The watershed above

the dam amounts tc appro::imately 550 acres. The watershed area is

outlined on Plate 2.

b. Discharqe at Damsite.
(1) Estimated known maximum flood at damsite ... None*

(2' Spillway capacity ... 92 cfs (W.S. = Elev. 638.9)

c. Elevation (Ft. above ?SL). The following elevations were

rietermined by Fnurvey and are based on topographic data shown on an

advanced copy of the Il80 USGS Perryville NW, Missouri Quadrangle Map,

7.5 Minute Series.

(1) Top of dar ... 638.9 (min.)

(2) Ton of spillway berm at dam ... 638.5

(3) Norroal pool (spillway crest) ... 636.3

(4 Streanbed at center!ine of dam ... 590+

(5 Maximum tailwater ... Unknown

d. R~eservoir.

flI Length at normal Dool (elevation 636.3) ... 2,70C ft.

i2) Lenth at maxinun pool (elevation 638.9) ... 2,900 ft.

e. Storaqe.

(1) Normal pool ... 712 ac. ft.

(2) Top of dam (incremental) ... 118 ac. ft.

f. Reservoir Surface.

(1) Norma) pool ... 43 acres

(2) Top of dam (incremental) ... 6 acres

9. Dam.

(1) Type ... Earthfill, homogeneous**

(2) Lenqth ... 760 ft.

*According to the Owner, the level of the lake has never reached the

spillway crest.
**Per Owner
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(3) Height ... 50 ft.

(4) Top width ... 12 ft.

(5) Side slopes

a. Upstream ... Iv on 3.3h

b. Downstream ... 1v on 2.2h

(6) Cutoff ... Clay core*

a. Width ... 0-1.2 ft.

b. Depth ... 6-8 ft. (max.)

(7) Slope protection

a. Upstream ... Grass

b. Downstream ... Grass

h. Principal Spillway.

(1) Type ... Uncontrolled, broad-crested, trapezoidal section

(2) Location ... Right abutment

(3) Crest ... Elevation 636.3 (200 ft. downstream of dam

centerline)

(4) Approach ch annel ... Lake

(5) Outlet channel ... Trapezoidal section, 8 ft. bottom width,

lv on 2h side slopes.

i. Emergency Soillway. ... None

j. Lake Drawdown Facility.... None

* Per Owner.
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SECTION 2 - ENCINEIPrNG LATA

2.1 DESIGN

No engineerinq data relating to the design of the dam are known to

exist.

2.2 CONSTRUCTION

No formal records were maintained during construction of the dam.

According to Mr. Davis, the Owner and builder of the dam, a core trench

approximately 10 tc 12 feet wide and 6 to 8 feet deep at the old stream

bed, was excavated along the centerline of the dam across the valley.

Mr. Davis reported that the trench was carried to solid rock and that the

rock surface was swept clean prior to backfilling the trench. Material

used to fill the trench and construct the embankment, approximately

124,000 cubic yards, wa:; obtained from th,' hillside at the left abutment

and from the area to be occupied by the lake, with about 75 percent of

the fill being takn from the hill area. The Owner also mentioned that

co.pactior, of the fill was obtained by running the rubber-tired earth

noving equipment over the fill, and that a single comp3ction test taken

,d'ring construction of the embankment indicated the fill to be more dense

than the adjacent un.isturbed material. The Owner stated that the dam

Va3 closed at the location of the old streambe.o, and some minor

settlement, on the order of 3 inches, of the dam crest has occured at

this location. The upstream and downstream sides of the dam were

constructed to minimum slopes of lv on 3h ani lv on 2h, respectively.

Mr. Davis also reported that the sp'.llway was originally intended to be 4

feet deep and 12 feet wide; however, it was; not constructed as wide as

planned.
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2.3 OPERATION

According to the Owner, the lake has experience3 severe leakage

throughout its entire life. It was reported that in about 1965 an

attempt was made to seal the lake by filling with concrete a crevice that

existed in the lake bottom; however, this attempt was unsuccessful as the

reservoir continued to leak uncontrollably. According to the Owner, the

lake leaks so badly that the lake has never reached the spillway level.

An engineering geologic report on the lake site dated June 8, 1976,

reference Charts 2-1 and 2-2, was prepared by Mr. Thomas J. Dean,

Geologist, with the Missouri Department of Applied Engineering & Urban

Geology. In the report Mr. Dean reviews the lake leakage problem and the

efforts made by the Owner to seal the lake bottom as well as the results

thereof.

The report points out that lineations on aerial photographs indicate

a vertical joint running essentially east-west across the lake area, a

sinkhole on the ridge east of the lake, and at least one additional joint

line that trends southeast by northwest crossing the basin at

approximately the area where the original collapse of the lake bottom

occurred. The techniques used to find lineation (joints, cracks) as well

as the likelihood of finding them are also discussed.

After mentioning that a compacted clay pad placed on the lake bottom

would be only partially successful, Mr. Dean states that the leakage

prcbably can only be remedied by uncovering the joints to determine their

direction and then cutting off the flow of water above the lake

waterline, and assuming that water leaving the lake through these joints

could travel in several directions, a joint crossing the lake should be

plugged on both sides of the lake.

In conclusion, recommendations are presented for implementing a

method of uncovering the joints in the lake bottom and for sealing the

joints once they are exposed. Mr. Dean maintains that the most practical

2-2



way of determining the location of the joints would be by using a

bulldozer and that the joints, once found, could be sealed by grouting.

2.4 EVALUATION

a. Availability. Engineering data for assessing the design of the

dam and spillways were unavailable.

b. Aeuacy. No data available. Seepage and stability analyses

comparable to the requirements of the "Recommended Guidelines for Safety

Inspection of Dams" were not available, which is considered a

deficiency. These seepage and stability analyses should be performed for

appropriate loading conditions (including earthquake loads) and made a

matter of record.

2-3
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SECTION 3 - VISUAL INSPECTION

3.1 FINDIING:

a. General. A visual inspection of the Hickory Hollow Lake Dam was

made by Horner & Shifrin engineering personnel, H. B. Lockett, Civil

Engineer and Hydrologist, T. K. Deddens, Geological Engineer, and A. B.

Becker, Jr., Civil and Soils En3ineer, on 18 October 1979. An

examination of the dam site was also made by an engineering geologist,

Jerry D. Hig3ins, a consultant retained by Horner & Shifrin for the

purpose of assessing the area geology. Also examined at the time of the

inspection, was the area below the dam within the potential flood damage

zone. Photographo. of the dam taken at the time of thp inspection are

included on Pages A-I through A-4 of Appendix A. The locations of the

photographs taken during the inspection are indicated on Plate 3.

b. Area Geology. The dam site is located on the ea-ter' flank of

the Ozark Uplift on Ordovician-age sedimentary rock. In the area of the

dam, the Jefferson Citv-Cotter formation is exposed at the sirface an,

dips gently eastwarl. The formaticn i. composed of liqht brown to brown,

Medium to finely crystalline dolomite and argillaceous 3Thlomite. Some

sandstone beds and chert noduleq are present in the formation. The

residuum is a tan to brown, cherty and silty clay. Bedrock ,s exposed

along much of the shoreline, along a ditch on the upstream side of the

left abutment, anI at the right abitrment. The bedrock is well bedded and

contains solution-weathered open joints (open 1 to 2 inches in some

cases). The most prominent joints trend N3°E and N80°E. The

solution-weathered beirock is exposed in the reservoir and appears to

allow water to move out of the immediate vicinity along joints and

bedding planes. It appears that the lake leaks to the extent that the

water level is maintained several feet below the highest bedrock

exposures in the reservoir.
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crest in-I for , distance of aboKut 200 feet down-;tream or tho -cres;t.

Along the alignment of the- damn, a !-ridqe n-ide of timber (scPhoto 4)

crosses the spillway channel. 4t the, hr ilne cros no the channel was

found to be approxirnatcly 4 ftet wide, whereas &ow iatrpam of th- hr idq3e,

the channol (see Photos 5 and 'fl widens to about S feet. Thle lefr. bank

of the channpl (see Photo 7) consists cf a narrow ea orthen berm



a:r>,ximatel y 2 t- 2. feet h ghl and aK ,it -f.-kt wiJ- at ti,.- t:,p. ?he

oItlet (hann I ro ear'-, to be in s-tisfactor., conIition, :IltFu qh only a

grass. cover 3erves to nr-)tec the ban:. fro:1) erojion t lko out'.ow.

d. Downstream Channel. The channel downstream of the Jam is

unimproved and extends approximately 2.5 miles before joinir.i Goose

CreeK. State Hiqhway N crosses Goose Creek, at a point aboit 3 miles

below the dam.

e. Reservoir. The area ac'jacent to th- lake is for the most part in

a natural state and wooded. Several dwellings and small buildings may be

found on the hillside west of the lake. The lake dater surface elevation

at the time of the inspection was about 30 feet below ncrmal pool,

exposing numerous rock outcroppings on the east and west sides of the

lake. As previously indicatei, see paragraph 2.3, the lake has

experienced problems with excessive leakaqe throughout -ts life time.

The amount of sediment within the lake cold not be determined at the

time of thp inspection, however it i believed not to be sijnificant.

3.2 EVALUATTON

The deficiencias observed durinc tho inspection an! noted herein, are

not considered of 3ignlficsnt importance to warrant immediate remedial

action. Tt is advisable, however, thet the Owner address the problen of

trees and undergrowth on the upstream and down. tream fa,(es of the dam.
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The rilwvis uncontrul'_- -~ ho jt2 surface level js )o.-rn(-d hv

precipivtatioi rurnoff, (7vavwrat,:n, sece ekgand tie capac~ tv of

the notllosiiw.

4 .2 MAT NTENAr-P F CE' D2f

With tho excertion of tn, dense rot of br Fb nr tree:s ths.t eNiSt

on the downtrea*r fact, j'- the. cenrer and !r'ft sid3e of the 0=r andsoe

erosion at the junction of the downstre-rn cslop and the rikg)t ahutment,

it appe ars that the structasre is esnb. well maintained.

4 .3 MAIN7ENANCE OF Of"7RATIN7 FACILITIES

No c-Deritin] facil-itiecs exist :it hsa.

4.4 CFSCP.IPTI(CN OF' ANY WAr'NING SY'STEM, TN FFIF T-T

The nspctin dd nr r _e1 the o\ storico of a dam wrni.nc s.Ste.

4 .5 FVArPIATION

Rec Lla r mo.i nte'ianco of damn f eatur s: is cons- ier-d benr ic i -K ts, the

ov'erall safety of a dlar. IT- is recomrnended fer futlure referenco thit

records bc- kept of alL raintemnsnce work nerformed. Consid er inq th.:

re medial work performel in in attemot t,- :--al the lae bottom, it wouldi

be desiirable to have, as recordi of tht, exact location or locatjon; where

repairs were made i., wc1! as a-.i arcrar dscription of the conditionsI

enountered andi the- work per'-zrrned.

4-
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SECTION 5 - 'D-'U !/HD L 3[

5.1 EVALUATION OF FEATURES

E. DejijnLRofData. De-ign data are nct available.

b. Sxner-ience Data. The drainage area anl lake rfrce area were

dete.-mined from an advanced copy of the 1980 USGS Perryville NZ; and 1959

USGS Parker Lake, M-i*souri, Quadrangle Maps. The proportions an r

dimensions of the spillway and dam were developed ;rori surveys made

during the inspection. Records of rainfall, _trparrflow, or fbood data

for the watershed were not available.

Nnt withstan-ing the fart that the reservoir leaKs severely or that

the lake level has never recched the soillwav Crest (according to the

Owner), the analyses of dam overtopping reported herein are based -n a

starting 'ake surface level at normal nool. It is noted th:-t in the

report prepared by Mr. Dean, reference Charrz 2-1 and 2-2, a statement 4.;

made that "during 4et weather, the lake backs up bevoni rts nor'au 0ool

level with a rad lowering of tle water level_ to a relatively Stabl?

condition."

c. Visual Observations.

(1) The spillway consists of a trapezoidal section cut into the

hillside at the right abutment.

(2) A small timber brilge crosses the spilway channel at the

dam. At the bridge location, the spillway channel has a bottom width of

about 4 feet, downstream of the bridge the bottom width is about 8 feet.

(3) The channel inve rt is nearly flat with the high point

(crest) occurring at a location approximately 200 feet downstream of the

center of the dam.



(4, A narrow rin approxim atelv 2.5 f.et :. ih so, I to corfine

flow to the channel and protect th' dam.

(5) No emerqency spillway or lalre drawdow:2 facilire'e are

provided.

d. Overtoppinq Potential. The spillway is inadequate to pans th-

probable maximum flood or 1/2 the probable maximum flood without

overtopping the dam. The spillway is adeauate, however, to Pass the 1

percent chance (100-year frequency) flood without overtopping the dam.

The results of a dam overtopping analysis are as follows:

Max. Depth of Duration of

Q-Peak Max Lake Flow over Dan Overtoppina of

Ratio of PMF Outflow (cfs) W.S. Ele'. (Flev. 638.9) Dam (Hours)

0.10* 95 638.92 0.02 1.0

0.50 4,317 649.8 .9 i1.1

1.00 9,073 641.8 2.9 13.0

100-Yr. Flood 69 638.7 0.0 0.0

Elevation 638.9 was found to be the lowest ooint in the dam crest.

The flow safely passing the spillway just prior to overtopping was

determined to be approximately 92 cfs, which amounts to about 10 percent

of the probable maximum flood inflow. This flow is greater than the

outflow from the 1 percent chance (100-year frequencv) flood. Diring

peak flow of the probable maximum flood, the greatest depth of flow over

the dam is projected to be 2.9 feet and overtoppinq will extend along the

entire length of the dam.

e. Evaluation of Overtopoina Effect. Experience indicates that the

soil used to build the dam, a cherty, brown silty clay, can, under

certain conditions, such as high velocity flow, be very erodible. For

the PMF condition, when large lake outflow with corresponding high

velocities occur both at the spillway and over the top of the dam: and

since the depth of flow overtopping the dam, (2.9 feet maximum) and the I
*To nearest one-hundredth.
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duration of flo, -)ver tie Ia ' 13. 9 iouri; , 3re ;ubstantial ser,.ous

damage by erosion lue t, )ove: toppi ng f the dam is 1ikely. The exten't of

the.se damages i; not preiictable, however, there is the possibility that

they could result in f-ilire 'Df the tllam.

f. References. ProaenA[±. , rita for determining the proKable

maximum flood, the 100-year frequency flooi, ind th, discharge ,.ating

curve for flow pasing the spillwav and dam 7rest are presented or. P-

B-i and B-2 of the Appendix. ,.isting:3 of the HEC-I (Dam Safety Version)

input data for both Lhe probable maximum flood and the lCO-year frequency

flood are shown on Pages B-3 and B-4 of the App.,ndix. A copy of the

computer output table entitled "Summary of Da.n Safety Analysis" is

presented on Page 3-5 and the inflow and outflow hyirographs for the

probable maximum flood are shown on Page B-6 of the Appendix. A rating

curve of the spillway is presented on Plate 6 and arca-storage curves for

the reservoir are shown on Plate 7.
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61 EVALUATION OF STRUCTURAL (AT.Y

a. i-aiOs e os Vi :3uC 1 oose rvition; orcnd i joawhic!.

advers-elv affect the s7tructur-il stability of the dlar a-.e c iaie n

Section 3, paraqraph 3.1c.

b. 2eeLijpr and Coristr .cti in D-ita. No lesigni or ccrnAtruzrtior. dat-)

relatinci to the- structurel1 stabi 1l itv of tne kc~ ar --on to xist.

Seepage and s~tability analyses c~vri-~to the r~qulrerro.ntS tho?

"Recommended Guidielines; for Safety Inspection of Dzinz' were rnat

available, which i5 consideredi a defic ienc y. T~~c~~c'an. stabilitv

anal' sezs be~l h pertorrrei 'or appropriate lod3,inq coniditions

inc ludina earthqruake loEads) aind maode a mattet of recora .

c. Ovuratinq Recorc.1n. \,, appurtenint 3tructulres or faciliiieF

requiri:ini operat inn exYist ait tis lo The Owner id~ report that the

lake leve' has never re ached t ae F sLl 1!c 41- re ,S - and t i-71t thel darnM C' -:-7

hiT settledi appr oximately 3 i-rchee at the oc -:iicr, of thc c;ld strtea-nhed.

d. Potcostruction Cheanos. The Owner .-- res-ortedl that ,,-) pCost:

construict ton :changes hiive been madice or ha-ve occar-e' w.hich would- nffect

thr, structural sta )i I it'. of the dm

0. 5 lr i c S;t ah i .. The dam is located within a- Zone, IT -eiSMiC

area. earthquake of this wa-onitudo wnl ntqenora11vb xpcedt

cause severe structural darnaqe to a wil' constructed earth dam of this

-,i -:e . However, it is reconmended tK;i~t the pre-scribedJ seismic loading for

th~s zone be applied in any stahility inn7yiser performed for this dAm.
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SECTION 7 - ASSESSMENT/REMEDIAL MEASURES

7.1 DAM ASSESSMENT

a. Safety. A hydraulic analysis indicated that the spillway is

capable of passing lake outflow of about 92 cfs wit:hout the level of the

lake exceeding the low point in the top of the dam. A hydrologic

analysis of the lake watershed area, as discussed in Section 5, paragraph

5.1d, indicated that for storm runoff of probable maximum flood

magnitude, the lake outflow would be on the order of 9,073 cfs, and that

for the 1 percent chance (100-year frequency) flood, the lake outflow

would be about 69 cfs.

Items noticed during the inspection that could adversely affect

the safety of the dam include lack of adequate erosion protection at the

spillway and along the upstream face of the dam as well ac the dense

cover of brush and trees that exist on the downstream face near the

center and left side of the dam.

Seepage and stability analyses of the dam were not available for

review and therefore no judgment could be made with respect to the

structural stability of the dam.

b. Adegacv of Information. Due to lack of design and construction

date, the assessments reported her-in were bnsed on external conditions

as determined during the vis.ial inspection. The assessment of the

hydrology of the watershed and capacity of the spillway were based on a

hydrologic/hydraulic study as indicated in Section 5. Seepage and

stability analyses comparable to the requirements of the "Recommended

Guidelines for Safety Inspection of Dams" were not available, which is

considered a deficiency.
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c. Urciencv. Except is nPo! herein, th iue-s ,onc'erning the .afet\'

of the dam noted in :ara-Iraph 7.1a oand the rem.odial -.ea. ure- recos--nfied

in paragraph 7.2 should he ,.cop]she, in thr, near futur-e. The item in

paragraph 7.2 regarding aiiitiana! spillway capacity shoull b? pAru.ued

without undue delay.

d. Nec. vssitv for Phase I. Based on the re:ul ts of the Phase i

inspection, a Phase II investgatio,i is not recommended.

e. Seismic Stability. The ,Ia:i is 'ocated] within n2onf. T! seismic

area. An earthquake of this ianqnitude would not aenerlly 5o ex,4ected to

cause severe structural damage to a well constructed earth de. Cf this

size. Hoever, it is reco..menied that the prescribedK seismic loadin,

this zone be applied in any stability analyses p ..rformed for this ciam.

7.2 REMEDIAL MEASURES

a. Recomn?ndations. The fol owi nq act ions arr ,.?C,.57 .w-:

(I) Based upon criteria set focth in the ,*eo:rnende. ,

guidelines, spillway size and/or heiqht of dac should be ino'ea.* : t<

pass lake outflow resultinq from a Storm of profable maximru'floo

magnitude. In either case, the spillway should be protc(ted 'o or' ,out

erosion.

(2) Obtain the necessary soil data and p, rf rm iam seenci, a:i

stability analyses in order to determine th ,- strue.tril stabi ty of7

dam for all operational conditions. Seepage and stability anyses

should be performed by a qualified professional ,ninefr exrriencei n

the design and construction of dams.

b. Operations and Maintenance (0 & M) Procedures. The following 0 &

M Procedures are recommended:

(1) Provide some means of preventinq excessive leakage fror the

lake basin.

7-2



72 rvie so-e f )rm of protecti,-n par-ticu,. ar Iv : o :; ti- left

bank (da s ,e of the out eI charri in or,er to pteve eroson i lake

out f l)W.

(3) Provide some form of protectiou! cther than aur!.s for the

upstream face of the dam at and above thi, normal w;terline in order to

prevent erosion. A grass covered slope is net conriiered adequate

protection to prevent erosion by wave action or by a fluctuating lake

level.

(4) Pemove the trees and brush that may conceal animal burrow

from the down. ,tream face of the dam. Tree ro-)ts and animal burrows can

provide a passageway for lake seepage that coul,- lead to a piping

condition (progressive internal erosion) and subsequent failure of the

dam. The removal of trees should be performed under the direction of an

engineer experienced in the design and construction of earth dams sinc,

indiscriminate clearing can jeopardize the safety of the dam. The

existing turf cover 7' ould be restored if destroyed or rissing. Maintain

the turf :over on the slopes at a height that will not Lirder inspection

of the slope or provide cover for burrcwini a:i~a].

(5) Provide maintenance of all arear of the dami rnd 7- l way on

a regularly scheduled basis in order to insrt- tIhese tearures of being in

satisfnctory' operationa' condition.

(6) A detailed inspection of the dam shou',- be institute@ on a

regular basis by an engineer experienced in the deign an, conrtruction

of dams. t is also recommended, for futare reforence, tha t records be

kept of all ln pectionF made and reneiial nvarur, s token.
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EIEIVZ1?INQ GMLOGIC IU.JPORC or 7"3 BH$7'1nr DAVIS LA aTic

P3RRY COUW? MISSO(RI

t0C'xICD' NAs UnhI, I&Aa, section 26, T. 35 M., R. 9 R., Par1Te Lke Qt,.ratkgle.

The lake, built more than ten years aejo, iWIo~xnds only Caveral acrtu of wataw
ecialse of leakage in the ontr portion of the lake basin. The diam, approximately
So feet high, reportedly filled t3 approxisistall % of its iintanded volume beforo

rapi laqg throuagh the bott.m of the lake beqian to take place. Unovering of
partiora of the lake bottom revealed3 a vertical opnn in the baiodek (joint) that

accspted large quanitities of water. An attamwt wan maes to bulkiiead off tiie join.ts
cmd ot-herise fill thtA! ith conoreta. --to attotyrt w"as t 1'3Ot pasrtially a failure.

tuxtIng bAt wuathar, the lake bao'k3 L4) heVniA its w'Cl'.. a~K~*
lmmrinq of the water laval tto & pe~id taj, i11,Qti

!Int-jt.Aor on aorial Photography indicoto a vrArsl j,(1r.t -urn n q esunaj
tast-Usst from a point at the trailer houso directly enAt. int~, tlio aulley vall an
the east aide of the lake. A oJinkhole io pr-7stot u,' tlic yjdcn diz> *&ti et of the
lake cni the sam linamrit. lh. photography in(I-cttom At 1041t cra moire linanrt
cor-ing froz the Goutheast trorndinq northwest t~hrcoughf t',.- bottcn rA the bcain at
k"ArOximaulY t2.e aroa where tie original collke)cs took plecm. Z -'ese linaz'ents
cannot be seen out of the lake basin to the northw-sut or went.

Water from the lake is rePorted to eiGrrre At a sqprinq in the northe~ast part
Of Section 10, T. 34 N., R. 9 E., to the north of t-his area approximately 4 or 5
14se. Aerial photography in not availahle for the area to the north or to the
Cast 190 aditiOnal dulinieationi of the linaments io not posujibe.

VlArious teehni=qus areS known to fin~d lineationsa in thin soil areas by the uiao
of radar im~agery, tharmal imagery, etc.. Where the soil bectrans thicker, u'ch as ou4t
of the lake area, theme techniques would probably not be useful. Probing witlh drill-
ing equiipment to try end find the dirnmtion of thes largo cract-a or joints wouid be
time constming and expensive. For the most part, the !,into wiould hauu a rock cap
Of varying thickness andi the joint itoelf would normally be Only aeveral F'iet in
width decreasingl with depth. Probinq with drilling oqkUpint could wit-k thase
vertical features readily.

Valldtng with Cocxmoted olAy "Iud ofily he Partil Y rFm-: -esutul a valor coating
dOwn the valley Can easily "et untderneath theA ?a4 or the Pad coz easily Callepe
into r:,xrow voidsi that nmiy ncw Me prosent. -h(, jeanpft pro1-rbjy can Only be re.died
by ''ri rg the join .s to eermine tlheir din-'cticn andi el.r-i'ttny o% 'Lha tlcv
Of water e-Ova tha watcr liii of the lake. 'Vic, r.oiJt 3 f h'At-.z eeeir;anc.: -iuch as the
rpring to Lhe north in not necosareily an iniicftttion of ('!r-1--tion of vtr xivemaent
oYit Of tile l0.e basin. The wateAr is thouarjtt to rwvva t.,- tI'e wat of tly, la~co for same
!iistAUncf Thu VatT thibn movan into the systsu ro~har;jng oprinqu toC. nch ., d

as ruch prvbaYly does not rnprsaent a travel diractton frcn fthe ias.. A 1i1:j head
of vatkir such an 40 to 5J feet (if' tho lake ware full) vorujld pr'bahhly allijw wutsr to
Foy In %eVeral directions rather than in one direotion tin4er the levw he&,' nov
prns'int. For this reason, the joints would nead to be pluq~rod on sithor MiAQ of
the 1s" assuming tho joint crosises the lake.



Da1is Lake Site -2- Perry Coumty, No

1. It is mooeended that during a period of low water in the lake that a
bulldozer be employed to remove the dirt material from the lake bottom in the
vicinity of the oollopees to wnoover the joint to a point -hehr a direction of the
joint or joints can be determinad. The dirt could be pushed from south to the north
to create a temporary dam between the joint systom and the exiatinq lake body and/or
the water of the lake ooul! be drawn don 5 to 10 feet to where only a arall pool
ediste. When the bedrock has been esposed and the joints or other openings identi-
fLed as to looation, then a drilling and grouting program could be set 'j, to cut
off the water flov. The flow is initially vertical but probably rapirUly changes
to a lateral water movement of shallow depth (20 - 30 feet).

In Oauw, no knoxvm praotical mian of pinpointing the Joint pattern in the
lako basin is knwan. Lnovuring of the Joint with a bulldozer or other oquipmnt
would in all probability be the ost practical method of detarmining where the
joints are and at what point thsy move out of the lake basin. A grouting proqran
could then be ev~loyed to intercept the horizontal mvement of water.

Thomas J. Dean, Geologist
Applied Engineering & Urban Geology
G oolo & Land Survey
J o 8, 1976

TJD bh

M: Howard Davis, 425 N. Highway 61, Perryville, MO 63775
Soil Conservation Service, 10 S. kMen St., PC3 323, Perryville, HO 63775
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APPENDIX A

INSPECTION PHOTOGRAPHS



NO. 1: UPSTREAM PACE OF DAM

NO. 2: CREST OF DAM FROM LEFT ABUTMENT

A-1

Noma'



NO. 3: DOWNSTREAM FACE OF DAM

NO. 4: BRIDGE ACROSS SPILLWAY APPROACH CHANNEL

A-2



lot~

NO. 5: SPILLWAY CHANNEL LOOKING UPSTREAM FROM CREST

NO. 6: SPILLWAY CHANNEL LOOKING DOWNSTREAM FROM BRIDGE

A-3
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APPENDIX B

HYDROLOGIC AND HYDRAULIC ANALYSES



HYDROLOCIC AND HYDRAULIC COMPUTANIOS

1. The EC-l Dam Safety Version (July 1978, Moiified .6 February

1979) program wa.3 used to develop inflow and outflow hydrographs and dam

overtopping analyses, with hydrologic inputs as fo_1ows:

a. vrobable maximum preripitation (200 sq. mile, 24-hour value

equals 26.5 inches) from Hydrometeorological Report No. 33. The

precipitation data used in the analysis oE the 1 percent (100-vjear

frequency) flood was provided by the St. Louis District, Corps of

Engineers.

b. Drainage area = 0.86 square miles = 550 acres.

c. SCS parameters:

Soil Group B = 100 percent

Soil type CN = 80 (AMC ITT, PMF condition)

= 63 (AMC TI, 100-yr condition)

Lag Time = 0.60 (Tc ) = 0.15 hours
1l.9 3  0.385

Time of Concentration T = ( )

Where: T Travel time of water from hydraulically most

distant point to point of interest, hours

L = Length of longest watercourse, miles

H = Elevation difference, feet

2. As indicated on the spillway channel profile on Plate 5, the

crest of the spillway (elevation 636.3) was found to be located

approximately 200 feet downstream of the centerline of the dam. The

critical section for determination of flow in the spillway channel was

assumed to be located approximately 200 feet downstream of the crest.

The left bank of the outlet channel adjacent to the dam was found to be

approximately 2.2 feet higher than the spillway crest. Spillway releases
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greater than 52 cfs. w-,re Eound t- overtop the cha nel b:Vk at the_. d-m.

For lake outfl3w greater than ;2 cf73, spillway rlefte:- werf? i.5x: ed to

be equivalent to the flow pa 3inq che outlet channel plus the flew,

overtopping the channe! hank. Flow overtopping the channel bank wan

determined for various depths corresponding to flows in the chanrnel with

depths greater than the top of b:n. level.

Spillway release rates were determined at follows:

a. Spillway section properties (area, "a" 3, top) width, "t") were

comoutel for various depths, "d."

b. It was assumed that -low passing the spillwa, would occur at

critical depth. Flow at critical depth was computed

as QC - o- for the various depths, "r." The

water surface profile corresponding to the critical depth valie

was determined by computer using conventional backwater profi!?

techn iqui s.

C. Static lake levels corresponding to the various flow values

passing the spillway and over the bank were computed as th'

depth of flow in the channel at the dam (d: plus critical

velocitn head (d H ), and the relatioeship between lake

level and spillw-y discharge wa,3 thus obtained. The procedure

neglects the minor insigi ificant friction losses across the

length of the channel bank.

d. Spillway discharge values for equal elevations were selected for

entry on the Y4 and Y5 cards.

3. The profile of the dam crest is irregular and flow over the da/

cannot be determined by conventional weir formulas. Crest length and

elevation data for the dam crest proper were entered into the HEC-l

Program on the $L and the $V cards. The program computes internally the

flow over the dam crest and adds this flow to the flow passing the

spillway as entered on the Y4 and Y5 cards.
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HICKORY HOLLOW LAKE

PMF iNFLOW 8 OUTFLOW

HYDROGRAPHS

Homer 81 Shifrin, Inc. Nov. 1979
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